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OPTIMUM  SAMPLING  PLANS  FOR  GRADING  BINOMIAL  POPULATIONS 


ABSTRACT 

This  report  gives  a  generalized  solution  and  supporting  theoretical 
development  for  minimizing  the  risks  of  incorrectly  grading  binomial 
populations  on  the  basis  of  attributes  of  small  samples  drawn  from  larger 
populations.  Integration  techniques  are  employed  in  this  solution  and  a 
transformation  is  derived  so  that  the  evaluation  of  the  integrals  is 
accomplished  using  cumulative  binomial  probabilities.  Tabulated  solutions 
are  presented  for  lot  classification  into  2,  3,  or  4  grades  for  various 
sample  sizes  and  allowible  percent  defectives  ranging  form  0.01  to  0.50. 
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iratODUCTION  AND  BACKGROUND 


In  the  surveillance  evaluation  of  ammunition  an  important  task  is 
that  of  grading  lots  on  the  basis  of  attribute  characteristics  of  a  sample 
drawn  from  larger  populations.  At  the  present  time,  lots  are  placed  into 
one  of  three  grades  based  on  the  performance  of  a  random  sample  of  n  items 
chosen  from  the  lot.  It  is  of  obvious  Importance  that  the  probability  of 
misgrading  a  lot  based  on  this  sample  be  made  a  minimum.  The  basis  for 
the  current  grading  procedure  is  a  BRL  report  written  by  Mr.  A.  Golub 
entitled  "The  Determination  of  Acceptance  Numbers  for  Placing  a  Lot  from 
which  a  Single  Sample  is  Drawn  into  one  of  Three  Grades",  published  in  1951. 
In  this  report,  Mr.  Golub  maximizes  the  probability  of  correct  grading  by 
differentiating  expressions  of  the  type  (")  p*  qn”*,  setting  the 

resulting  values  equal  to  zero  and  solving  for  the  c  values  (acceptance 
numbers). 

Mr.  Golub's  report  serves  as  a  basis  for  the  following  report  in  which 
a  different  method  of  maximizing  the  probability  of  correct  grading  Is 
developed.  A  generalized  solution  is  given  and  tables  are  developed  for 
lot  classification  into  2,  3,  or  4  grades. 


■■  ■'  ■  ■  •  ■  '•■■■  THEORETICAL  DISCUSSION _  ^ 

In  determining  the  original  acceptability  of  large  quantities  of 
manufactured  products  or  in  checking  Che  reliability  of  items  which  have 
been  in  storage  for  some  time,  groups  of  the  product  are  submitted  for 
inspection  (testing)  in  divisions  called  lots.  These  lots  can  often  be 
characterized  by  a  certain  property,  or  set  of  properties  of  the  individ¬ 
ual  members  of  the  lot.  For  example,  .a  population  of  artillery  projectiles 
can  be  divided  into  those  which  are  defective  and  those  which  are  not,  a 
group  of  washer  fittings  can  be  divided  into  those  which  fit  a  five  inch 
setting  and  those  which  do  not.  We  let  x  be  a  random  variable  which  as¬ 
sumes  the  value  of  0  if  an  Individual  in  the  lot  has  none  of  the  character¬ 
izing  properties  and  1  if  the  individual  possesses  one  or  more  of  these 
properties.  If  we  now  let  p  ■  P(x**l),  then  the  lot  is  defined  to  be  a 
lot  with  fraction  defective  p  and  an  individual  which  exhibits  one  or 
more  of  the  characterizing  properties  is  called  a  defective  item. 

In  dealing  with  large  lots,  it  is  frequently  too  expensive  or 
time  consuming  to  examine  or  test  each  item  in  the  lot.  (In  fact,  where 
the  procedure  calls  for  the  destruction  of  the  item,  it  is  impossible  to 
inspect  every  item.)  Thus,  some  type  of  sampling  inspection  plan  must 
be  devised.  One  of  the  more  common  types  of  sampling  plans  is  the  so- 
called  single-sampling  plan  where  the  consumer  selects  a  random  sample 
of  size  n  from  the  lot,  and  if  the  number  of  defective  items  in  the  sample 
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is  less  than  or  equal  to  a  given  nuaber  c,  the  lot  Is  accepted  and  if 
c  +■  1  or  more  defectives  is  found  In  the  sample,  the  lot  is  rejected. 

This  concept  can  be  readily  extended  to  situations  involving 
classification  of  a  lot  Into  more  than  two  classes,  say,  three,  four,  or 
any  nuaber  up  to  k  classes  or  grades.  Let  us  assume  that  for  each  of 
the  k  grades,  an  interval  has  been  determined  such  that,  if  the  lot  fra c- 
tion  defective  is  in  this  interval,  the  lot  belongs  to  that  grade.  These 
Intervals  or  levels  can  be  determined  by  a  review  of  the  specifications 
for  the  itea  or  by  considering  the  requireaents  established  by  the  user 
or  consumer  for  the  reliability  of  the  itea.  ' 

How,  let  us  suppose  for  convenience,  that  our  sT'clcpile  consists 
of  exactly  100  lots  which  have  the  corresponding  fraction  defectives; 

yQ  -  0,  y^  *  .01,  y^  -  .02,  ...  y^  •  .98,  y^  •  .99.  One  of  these  lots 

is  selected  at  random  and  submitted  to  our  sampling  plan.  We  let  p  be 

the  lot  fraction  defective  for  this  lot. 

We  now  want  to  place  this  lot  into  one  of  k  grades  in  accordance 
with  the  following:  if  the  lot  fraction  defective  is  less  than  p^ 

(0  <_  p  p^),  the  lot  is  of  Grade  A  quality;  if  the  lot  fraction  defective 
is  between  p^  and  p^  (p^  <  p  j,  p,),  the  lot  is  of  Grade  B  quality;  if  the 
lot  fraction  defective  is  between  p^  and  p^  (p^  <  p<^ p^)  the  lot  is  of 
Grade  C  quality  and  so  on,  out  to  the  final  grade,  that  is,  if  the  lot 
fraction  defective  is  more  than  p^  (p^  *  P  i  D,  the  lot  is  of  Grade  K 
quality. 
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Our  plan  now  call*  for  selecting  a  random  sample  of  n  Items  from 

the  lot,  inspecting  (testing)  each  item  in  the  sample  and  determining  the 

number  of  items  (r)  which  are  defective.  The  lot  will  then  be  placed 

into,  one  of  the  k  grades  using  the  following  rule: _ _ .....  ■ _ 

If  0  £  r  £  c^  Place  the  lot  in  Grade  A 

If  c^  +  lir^Cj  Place  the  lot  in  Grade  B 

^  Cj, +  1  f,r  <  Cj  Place  the  lot  in  Grade  C 

*  » 

•  • 

*  •  > .  * 

If  +  1  £  r  £  n  Place  the  lot  in  Grade  K 

Under  thin  set  of  conditions,  we  can  use  the  formula  of  total 

probability*  to  calculate  the  probability  of  placing  a  given  lot  into  its 
proper  grade,  or  in  other  words,  we  are  determining  the  probability  of 

correctly  calling  a  Grade  t  lot  its  actual  grade,  Grade  t.  This  gives 

'  *P  “  P  (of  placing  the  lot  in  the  correct  grade)  • 

P{p  -  0}  P(0  <  r  <  Cl  |  p  -  0}  +  ?p»  .01)  PtO  £_  r  £  | 

p  «  .01)  +  ...  +  p{p  .  ?1)  p{0  <  r  1  c1  |  p  -  pj)  +  P{p  -  px  +  .01) 
p{cl  +  I  P  "  Px  ♦  -0I>  +  ...  +  P(p  -  Vj  P{Cl  +  1  £  r  <  c2  | 

P  -  P2)  +  P{p  -  p2  +  .01)  P(c2  +  1  £  r  £  c3  |  F  -  P2  ♦  .01)  +  ...  +  P{p  « 
P3)  P(c2  +  l£r£Cj  |  p  “  Pj)  +...  +  P{p  •  ^  4.  .01)  P{cki  +  1  <  r 
£  o  f  P  •  Pk_2  ♦  .01;  +■  ...  ♦  P{p  -  .99)  PCc^  +  1  £  r  £  n  j  p  -  .99}  (1) 


•  B.  V.  Gnedenko,  "The  Theory  of  Probability",  page  64. 


Because  the  lot  which  was  submitted  to  the  plan  was  selected  at 


random  from  the  100  lots  available  in  the  stockpile,  we  know  that 
P{p  »  0}  -  P{p  -  .01}  -  ...  -  P{p  »  .99}  -  -jgg-  (2) 

The  probability  expressed  in  the  second  bracket  of  each  product 
can  be  written  as  the  sum  of  a  binomial  probability  function  of  the  form 


£  (?)  (P)r  <1-P)n“r  (3) 
r-0 


Using  expressions  (2)  and  (3),  we  can  rewrite  (1)  in  the  following 


form. 


C1  C1 
p  *  loo  (?)  (0)t  <1)n  r  +  loo  ^  ('01>r  (l99) 


n-r 


r-0 

C1  c2 

+  —  +  i5o  1  (?)  (Pi)r  <1~Pi>n"r  +  i5o  1  (?>  ^i+-01)r  d-p^ 

r— 0  r—Cj+1 


.oi)°-r  +  ...  + 


2  3 

M  £  (?)  (p  )r  (i-p 2)°'r+I^  I  (?)  (p  +.01)r 

r-cx+l  2  2  100  r-c2+l  2 

C3 

(1-p  -.01)n“r  +  ...  +  1/100  l  (?)  (p  )r  (l-p,)n_r  +  ... 

r-c„+l  i 


+  1/100 


1  <°>  ♦•01)r  (l-pk.1-.01)n-r  +  ...  +1/100  r  (?)  (.99)r 


^Vi^1 


(.01)n*r  (4) 


Kk-1+1 


In  order  to  maximize  the  probability  of  putting  a  lot  into  the 
correct  category,  we  must  maximize  (4)  with  respect  to  c. ,  c  ,  c  ,  ... 

^  •  J 

ck-l*  However»  obviously,  we  do  not  want  to  limit  ourselves  to  the  case 
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12 
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Since  ell  the  Interval*  ere  equal,  (5)  can  be  written  as 


I  f  (*,)  Ax.  -  ~  I  f(e<)  (6)  *nd  by  definition 

1-1  1  1  "1-1 

5  f(e.)  Ax.  -  ££  kl  t  *<*t>  “  f  f(P>  <*P 

i-1  1  '  1  **"  N  1-1  1  / 

Ax^-*o 


lia 

H-*— 

Ax^ 


This  le  exactly  the  fora  of  (4),  the  sua  which  we  are  seeking  to 
aaxlaize  with  respect  to  c^,  c2*  c^,  ...  Cj^,  If  we  let  H-».  Thus,  if 
we  Maximize 


f  ci  r  c 

a  -  /  I  (?)  pr(i-p)n“rdp  +  /  r 
J  tmQ  J  Xm 


2 

r-c,+l 


(?)  pr(l-p)n“rdp  ♦ 


P1  '  'l 


/  ? 


c2+x 


(?)  pr(l-p)n~rdp  +  ...  + 


J  ° 


Pk- 


ck-l+1 


(?)  pr  (l-p)n“rdp  (7) 


k-1 


with  respect  to  c^,  c^,  c^,  ...  c^_2,  we  have  maximized  the  probability  of 

placing  a  lot  in  the  correct  grade  given  chat  it  was  selected  at  random  from 

a  population  of  lots  whose  fraction  defective  has  a  uniform  distribution  on 
the  unit  Interval.  Thus,  the  use  which  we  have  made  of  integration  is 

equivalent  to  placing  a  uniform  prior  distribution  on  p,  the  true  lot 

fraction  defective. 


Our  problem  now  becomes  one  of  choosing  those  values  of  c^,  c^, 
...  cfc_^  which  maximize  (7)  for  given  values  of  p^,  p^,  p^  ...  Pjt_1  and 
n. 
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As  an  axaapla  for  tha  case  k.-3  (3  grades)  ve  can  illustrate  graph¬ 
ically  by  "operating-characteristic"  curves  the  area  which  ve  wish  to  be 
a  mmxLmum. 


Probability  of  Assigning 


Ve  now  express  s  in  (7)  as 


V  c  "  p2  c  P. 

•  -  /  E  (?)  P1  (l-p)11"^?  +/  I2  (?)  p*  (l-p)n_idp  -  / 

_  i-O  *  i-c.+l  J 


o  imci+l 


0  ^l^ 


c3  2  c 

(?)  p1  (i-p)n_idp  +  r  i  (?)  p1  d-p)n_idp  -  r  i3  (?)  p1  (i-P)n_ 
J  i"c2+1  <  i-c.+l 


0  *  2 


dp  +  ...  +f  r  (?)  p1  (l-p)11"^  -  /  r  (?)  p1  (l-p)®'^? 

J  {  i-ck-i+1 

/i  Pj. 

Ut  Q  -J  (?)  p1  (l-p)n-\ip  -  (?,  /  pi  (l-p)11-^ 


(8) 


14 


Integrate  by  parte:  u  -  p*  dv  •  (1-p)  dp 

1-1  -U-t>)n_1+1 

du  - 1  p1  ldP  v  -  -^Efirr 


n-i+1  P,  Pi 


i  ,,  »  B-lTl  Kt  ri 

«  -  <?> -  \  *f 

0  0  n-i+1 


i  p1"1  q-p)n~1+1dp) 


-  <*>  {  p^  (i-Pl>n“1+1  +J  P1"1  a-p)n"i+1dp> 

0 


-  to  P!1  a-Pi>n-l+1  ♦  dn  /  P1'1 


Integrate  by  parte:  i  ■  P 


0 

1-1 


dv  -  (1-p) 


n-i+1 


du  •  (1-1)  pi_2dp  v  -  (l-p)n  1+2 

n-i+2 


_  »o.  — 1  1  *  n-i+1  1  r  "1  1—1  _  \  a-* i+2 1 p 1  L 

Now  Q  -  (A)  {- —  Pl  (l-pL)  +  -£££  l^2  P  (1-P)  11  + 


1  ,"1-1  1-2  vH-1+2,  , 

S«J  S3«  p  <1-p)  dp> 


which  eqtiale,  after  simplification 


_  1  .n+l»  1  » n-i+1  _1_  ,n+l.  i-i  .n-1+2  _ 

Q  -  -  (T  )  Pj  (1-Pj)  -  57  (i-l)  Pj  Cl-Pj)  + 


&  <&>  f  p1'2  u-p>-i+2<*p 

0 

which  can  be  written  as 


Q  -  -  £  £  ("f)  PlJ  (l-Pl)n+1"J  +  ~  (£i)  /  p1'2  (l-P)n_i+2 


j-i-1 


dp 
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Again  integrate 
by  parts: 


u  »  p 


dv  ■  (l-p)n~*+^dp 


du  ■  (i-2)  p  -Jdp  v  ■  - 


.  n-i+3 


n-i+3 

1  *  -n+1.  1  ..  . n+1-1  i-1  ,n+l,  .  1  i-2  ,n-i+3,pl 

‘  ^  (  i  )  P1  (1“P1)  "  n+1  (i-l>  feT  p  (1-p)  ]0 


+  (fer)  itb  £  ^=§5-  p1-3  (l-p)0*3-^? 

which  equals,  aftar  some  simplification 

.  _i_  r  /»«>\  „  J  n  „  _i_  ,?+l  „  i-2  ,  ^  ,n+3-i 

n+T  (  J  5  P1  (l  pl}  "  n+T  (i-})  pl  (1“pl) 

Pi 

lz2  (n+l.  -  i_3  n+3-i, 

n+1  J  P  (1-P)  dp 
0 

and,  combining  tarns 

■•5i  ‘“j1)  ^  M  <&>  /l  P1-5  (x-p)rt3-1dp 

J  1-4  0 

Continuing  to  evaluate  the  integral  by  integrating  by  parts,  ve 


come  to  this  term 


1  r  ,n+l,  i  ,,  . n+l-j  1  /n+1.  - 1  o  „  n 

nH  1-1  ^  i  )  Pl  <1’P1>  +  n+i  <  1  )  /  P  (1-P)  dp 

0 

-  *  <T>  n3  “V*1’1  *  .-Jr  <■  tl>  -  £r”n+l  f 

-sit  \  -I3  <‘V+l'3  ov41  *"♦;&  «S 
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*  -k-  r  <nf1\  J  /i  oHi-J  .  1 

*  -JT«L  )  «i  +ZZ 


J«0 


zk  i1  -  j0  f  J1)  piJ  a-pL)nH'Ji 


* ‘X  ^ 


Thus,  finally  we  have 


J  <°i>  p1  (i-  p)°  p  -  <°f  >  P,j  dV+H 

and  ve  have  conveniently  gone  from  the  integral  of  a  binomial  to  the  sum 
of  another  binomial  expansion* 


Nov,  making  use  of  this  expression  in  the  original  "s"  equation. 


ve  have 


f  c 

/  r  (?)  p1  (i-p)n_idp 

J  i«0 


.  c  n+1  , 

*  ~r  i  t  (  T  )  p,J  (l-p1)n+1'J 
n+1  i-o  j-i+i  J  ?1  Pi 


f  (i)p1  (l-pj^dp  -  -Jr-  V  ("j1)  (1)J  (0)3+1"J 
Jn  J»i+1 


All  terras  in  the  summation  vanish  (■  0)  except  for  the  last  term 

when  J  »  n+1,  where  ve  have  — —  (l)n+^  (0)®  *  -~ 

n+1  n+1 


JL 

end  f  I  (")  p1  (l-p)n-idp  = 

J  i*0  n  1 
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c,+l  n+1 


V1  n+1 


a  ■ 


_1_  / V  V  (“J1)  P,J  d-P^  -  E  V  (“J1)  P5J 

n+1  J*i  1  1  i«Cj+2  J«1  2 


V1  n.l 


u-p,r1-J -  "i  v (-j1) p.J  a-,,)0*1*1  *  v I";1) ,i 

2  i«cL+2  ,J«i  1  A  i-Cg+2  J«i  3 


c3+1  n+1 


c3+1  n+1 


/.  _  .n+l-J  _  /n+1.  1  /,  Vn+1-J  .  , 

U-P,)  -  E  E  (  j  )  p^  (l-p0)  ''  +  ...+  n-c.  . 

*  i*c0+2  J«i  2  2  K“1 


n+1  n+1 


V Jl1 


<Dfi 


n+l-J ■ 


waich  can  be  written  as 


cl+i 

c2+l 

rH 

•f 

C\J 

0 

a  * 

l/n+1  [  E  p(x 

>  i,  n+1,  p. )  + 

E  p(x 

i  i;  n+1,  p  )  - 

E 

i-1 

l*cx+2 

a 

i-c^+2 

c3+l 

c3+1 

P(x 

>  i;  n+1,  p  )  ♦ 

E  p( x  >.  i; 

n+1,  p.)  - 

E  p(x  2  i; 

n+l,  pJ 

± 

i*c2+2 

J 

i*c_+2 

*  * 

C 

n+1 

♦  . . .  ♦  n-c.  ,  -  E 


.  -  i  plu^ii  n+1,  p.  . )] 

‘-Vi* 


i 

where  p(x  _>  i;  n+1,  p^.)  Is  defined  to  be  the  probability  that  the  random 
variable  x  Is  greater  than  or  equal  1  if  it  has  the  binomial  distribution 


with  parameters  n+1  and  p  . 


We  now  make  use  of  any  convenient  table  of  cumulative  binomial 
probabilities  for  several  different  values  of  n.  Thus,  for  a  fixed 
sample  size  and  given  quality  levels,  p^  p2,  p^,  ...  p^_1  ve  can,  by 
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U8e  *  high-speed  electronic  computer,  compute  values  of  a  for  every 

cl»  c2*  ***  ‘it-l  c°“bin»tion  and  choose  that  combination  which  gives  the 
mayfmiTm  value  of  s. 


SEVERAL  APPLICATIONS  AND  EXAMPLES 

for  the  Case  K  •  2 

The  classification  of  4  lot  into  tvo  grades  is,  for  most  situations, 
equivalent  to  eltber  accepting  or  rejecting  the  lot.  for  example,  a 
quality  control  analyst  might  be  willing  to  accept  as  satisfactory  a  10% 
defect  rate  for  flash  bulbs.  Thus,  if  he  took  a  sample  of  20  bulbs  fres 
one  hours  production,  the  appropriate  table  indicates  he  would  allow  one 
defective  sample  before  rejecting  that  hours  output. 
for  the  Case  K  ■  3 

Here,  the  purpose  might  be  to  place  a  given  lot  of  artillery  fuses 
which  have  been  in  storage  for  some  time  into  one  of  three  grades.  Grade 
A,  Indicating  those  lots  acceptable  for  unrestricted  use.  Grade  B,  those 
lots  generally  acceptable  with  certain  restrictions  and  Grade  C,  those 
lots  unacceptable  for  future  use. 

Given  a  sample  size  of  1*5,  and  prescribed  quality  levels  of  15$  and 
30$,  the  appropriate  table  indicates  ve  would  allow  6  defects  for  a  Grade 
A  lot  and  up  to  13  defects  for  a  Grade  B  !ot. 
for  the  Case  1C  ■  h 

An  example  here  might  be  the  case  where  an  electronics  dealer 
would  be  willing  to  pay  x  dollars  for  a  lot  of  batteries  which  are  of 
Grade  A  quality,  y  dollars  (y  <  x)  for  a  lot  of  Grade  B  quality,  z  dollars 
(z  <  y  <  x)  for  a  lot  of  Grade  C  quality  and  reject  as  unacceptable,  lots 
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of  Cod.  D  ,-llty.  Mth  .  .-pi.  ,lM  of  300  „„  ,„,llty  of 

10.  25.  «d  *0  p.rc„t.  th.  t-,u  acc«pe„c.  nu„b,„  of  „ 

74,  end  119  vould  be  used. 
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FURTHER  RECOMMERDATIOHS 


The  us*  of  th«  uniform  prior  distribution  is  •  fairly  conservative 
approach  but  would  seem  to  have  realistic  applications  for  newly  manufac¬ 
tured  items  or  items  for  which  little  is  known  of  the  functioning  char¬ 


acteristics. 

It  would  be  interesting  to  consider  some  other  prior  distributions. 

A  simple  one,  which  seems  both  reasonable  and  easy  to  handle  mathematically 
would  be  to  assume  p  is  uniformly  distributed  on  the  interval  [0,  0.50], 
i.e.,  assume  that  no  lot  is  more  than  50  percent  defective  and  guard 
against  misgrading  any  lot  with  fraction  defective  between  0  and  50  per¬ 
cent  with  equal  protection. 

Another  Interesting  distribution  to  consider  would  be 


f  (p)  -  2  (1-p) 


0  <_p  <  1 

otherwise 


This  distribution  assumes  lots  with  p  almost  zero  are  most  likely 
in  the  stockpile,  lots  with  p  almost  equal  one  are  quite  rare  and  the 
probability  that  a  p  b  increases  linearly  as  a  and  b  increase. 
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THREE  GRACES  21-50 


P2 

.02 


.33 
•  34 
.35 
.36 
.37 
.38 
.39 
.40 
.in 
.1*2 
.1*3 
.44 
.1*5 
.1*6 
.1*7 
.1*8 
.1*9 
.50 


PI 


.01  .02  .03 

.04 

.06 

.07 

.08 

.10 

.11 

.12 

.13 

.14 

JLL 

0.1 

0,1  0,1 

0,1  0,1  0,1 

0,1  0,1  0,1 

1.2 

0,2  0,2  1,2 

1.2 

1,2 

0,2  0,2  1,2 

1.2 

1.2 

2.3 

0,3  0,3  0,3 

1.3 

2,3 

2,3 

2,3 

_ _ 

— 

0,3  0,3  0,3 

1.3 

2,3 

2,3 

2,3 

3,4 

0,1*  0,1*  0,1* 

l.1* 

2,4 

2,3 

3,4 

3,4 

3,* 

0,U  0,1*  0,1* 

1,** 

2,4 

2,4 

3,4 

3,4 

3,4 

4,5 

0,5  0,5  0,5 

1.5 

1.5 

2,5 

3.5 

3,4 

4,5 

4.5 

4.5 

0,6  0,6  0,6 

1,5 

1,5 

2,5 

3,5 

3.5 

4,5 

4.5 

4,5 

5,6 

0,6  0,6  0,6 

1.6. 

1,6 

2,6 

3,6 

3,6 

4.5 

4.5 

5,6 

5,6 

5.6 

0,7  0,7  0,7 

1.7 

1,7 

2,6 

3.6 

3,6 

4,6 

5.6 

5,6 

5,6 

6,7 

6,7 

0,7  0,7  0,7 

1.7 

1,7 

2,7 

2,7 

3,7 

4,7 

4,7 

5,6 

6,7 

6,7 

6,7 

6,7 

0,8  0,8  0,8 

1,8 

1,8 

2,8 

2,8 

3,7 

4,7 

4,7 

5,7 

6,7 

6,7 

6,7 

7,8 

0,8  0,8  0,8 

1,8 

1,8 

2,8 

2,8 

3,8 

4,8 

4,8 

5,8 

5,8 

6,7 

7,8 

7,8 

0,9  0,9  0,9 

1,9 

1,9 

2,9 

2,9 

3,9 

4,9 

4,8 

5,8 

5,8 

6,8 

7,8 

7,8 

0,9  0,9  0,9 

1,9 

1,9 

2,9 

2,9 

3,9 

3,9 

4,9 

5,9 

5,9 

6,9 

7,8 

7,8 

0,10  0,10  0,10 

1,10 

1,10 

2,10 

2,10 

3,10 

3,10 

4,10 

5,10 

5,9 

6.9 

6,9 

7,9 

0,10  0,10  0,10 

1,10 

1,10 

2,10 

2,10 

3,10 

3,10 

4,10 

5.10 

5,10 

6,10 

6,10 

7,10 

0,11  0,11  0,11  1,11 

1,11 

2,11 

2,11 

3,11 

3,11 

4,11 

5.11 

5,11 

6,11 

6,10 

7,10 

0,11  0,11  0,11 

1,11 

1,11 

2,11 

2,11 

3,11 

3,11 

4,11 

5,11 

5,11 

6,11 

6,11 

7,11 

0,12  0,12  0,12 

1,12 

1,12 

2,12 

2,12 

3,12 

3,12 

4,12 

4,12 

5,12 

6,12 

6,12 

7,12 

0,12  0,12  0,12 

1,12 

1,12 

2,12 

2,12 

3,12 

3,12 

4,12 

4,12 

5.12 

6,12 

6,12 

7,12 

0,13  0,13  0,13  1,13 

1,13 

2,13 

2,13 

3,13 

3.13 

4,13 

4,13 

5,13 

6,13 

6,13 

7,13 

0,13  0,13  0,13 

1,13 

1,13 

2,13 

2,13 

3,13 

3.13 

4,13 

4,13 

5,1? 

6,13 

6,13 

7,13 

0,14  0,14  0,14 

1,14 

1,1** 

2,14 

2,14 

3,14 

3,14 

4,14 

4,14 

5,14 

6,14 

6  ,14 

7,14 

0,14  0,l4  0,14 

1,1* 

1,1* 

2,14 

2,14 

3,14 

3,14 

4,14 

4,14 

5,14 

6 ,14 

6,14 

7,14 

0,15  0,15  0,15 

1,15 

1,15 

2,15 

2,15 

3,15 

3,15 

4,15 

4,15 

5,15 

6,15 

6,15 

7,15 

0,15  0,15  0,15 

1,15 

1,15 

2,15 

2,15 

3,15 

3,15 

4,15 

4,51 

5,15 

6,15 

6,15 

7,15 

0,16  0,16  0,l6 

1,16 

1,16 

2,16 

2,l6 

3,16 

3,16 

4,16 

4,l6  5.16 

6,16 

6,1 6 

7,16 

0,16  0,l6  0,16 

1,16 

1,16 

2,16 

2,16 

3,16 

3,16 

4,16 

4,16 

5,16 

6 ,16 

6,16 

7,16 

0,17  0,17  0,17  1,17 

1,17 

2. 17 

2,17 

3,17 

3,17 

4,17 

4.17 

5,17 

6,17 

6,17 

7,17 

0,17  0,17  0,17 

1,17 

1,17 

2,17 

2,17 

3,17 

3,17 

4,17 

4,17 

5,17 

6,17 

6,17 

7,17 

0,18  0,18  0,18 

1,18 

1,18 

2,18 

2,ld 

3,18 

3,18 

4,18 

4 ,16 

5,18 

6,18 

6,18 

7,18 

0,18  0,18  0,18  1,18 

1,18 

2,18 

2,18 

3,18 

3,18 

4,18 

4,18 

5,18 

6,18 

6,18 

7,18 

0,19  0,19  0,19 

1,19 

1,19 

2,19 

2,19 

3,19 

3,19 

4,19 

4,19 

5,19 

6,19 

6,19 

7,19 

0,19  0,19  0,19 

1,19 

1,19 

2,19 

2,19 

3,19 

3,19 

4,19 

4,19 

5,19 

6,19 

6,19 

7,19 

0,20  0,20  0,20 

1,20 

1,20 

2,20 

2,20 

3,20 

3,20 

4,20 

4,20 

5,20 

6,20 

6.20 

7.20 

0,20  0,20  0,20 

1,20 

1,20 

2,20 

2,20 

3,20 

3,20 

4,20 

4,20 

5,20 

6,20 

6 ,2Cr  T.20-~ 

0,21  0,21  0,21 

1,21 

1,21 

2,21 

2,21 

3,21 

3,21 

4,21 

4,21 

5,21 

6,21 

6,21 

7,21 

0,21  0,21  0,21 

1,21 

1,21 

2,21 

2,21 

3,21 

3,21 

4,21 

4,21 

5,21 

6,21 

6,21 

7.21 

0,22  0,22  0,22 

1,22 

1,22 

2,22 

2,22 

3,22 

3,22 

4,22 

4,22 

5,22 

6,2? 

6,22 

7,22 

0,22  0,22  0,22 

1,22 

1,22 

2,22 

2,22 

3,22 

3,22 

4,22 

4,22 

S  ,22 

6,22 

6,22 

7,22 

0,23  0,23  0,23 

1,23 

1,23 

2,23 

2,23 

3,23 

3,23 

4,23 

4,23 

5,23 

6,23 

6,23 

7,23 

0,23  0,23  0,23 

1.23 

1,23 

2,23 

2,23 

3,23 

3,23 

4,23 

4,23 

5,23 

6,23 

6,2  3 

7,23 

0,24  0,24  0,24 

1,24 

1,24 

2,24 

2,24 

3,24 

3,24 

4,24 

4,24 

5,24 

6,24 

6,24 

7.24 

0,24  0,24  0,24 

1,24 

1,24 

2,24 

2,24 

3,24 

3,24 

4,24 

4,24 

5,24 

6,24 

6,24 

7,24 
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THRU  GRADES  *»50 


n 

.16 

.17 

.18 

•19 

.20 

.21 

.22 

.23  _ 

.02 

.03 

.Ok 

.05 

.06 

.07 

.08 

.09 

.10 

.11 

.12 

.13 

.lb 

.15 

.18 

.17 

.18 

.19 

.20 

.21 

.22 

.23 

7.8 

7.8 

7.8 

8.9 

8.9 

8.9 

8.10 

7.8 

8.9 

8.9 

8.9 

8.9 

8.10 

8,9 

8,9 

8.9 

9.10 
9,10 

8.9 

9.10 
9,10 
9,10 

9,10 

9,10 

9,10 

9,10 

10,11 

10,11 

-  ~ 

.2b 

7,11 

8,11 

9,10 

9,10 

10,11 

10,11 

10,11 

10,11 

.25 

7,11 

8.11 

9,11 

9,11 

10,11 

10,11 

10,11 

11,12 

.26 

7.12 

8,12 

8,12 

9,12 

10,11 

10, 11 

11,12 

11,12 

.27 

7,13 

8,13 

8,12 

9,12 

10,12 

11,12 

11,12 

11,12 

.28 

7.13 

8,13 

8,13 

9,13 

10,13 

10,13 

11,12 

11,12 

.29 

7,1b 

8,1b 

8,1b 

9,1b 

9,13 

10,13 

11,13 

12,13 

.30 

7,1b 

8,1b 

8,1b 

9,1b 

9,1b 

10,lb 

11,1b 

11,1b 

.31 

.  7,15 

8,15 

8,15 

9,15 

9,15 

10,15 

10,1b 

11,1b 

•  32 

7,15 

8,15 

8,15 

9,15 

9,15 

10,15 

10,15 

11.15 

.33 

7,16 

8,16 

8,16 

9,16 

9,16 

10,l6 

10,16 

11,16 

.3b 

7,16 

8,16 

8,16 

9,16 

9,16 

10,16 

10,16 

11,16 

.35 

7,17 

8,17 

8,17 

9,17 

9,17 

10,17 

10,17 

11,17 

.36 

7,17 

8,17 

8,17 

9,17 

9,17 

10,17 

10,17 

11,17 

.37 

7,18 

8,18 

8,18 

9,18 

9,18 

10,18 

10,18 

11,18 

.38 

7,18 

8,18 

8,18 

9,18 

9,18 

10,18 

10,18 

11,18 

.39 

7,19 

8,19 

8,19 

9,19 

9,19 

10,19 

10,19 

11,19 

.bO 

7,19 

8,19 

8,19 

9,19 

9,19 

10,19 

10,19 

11,19 

.bl 

7,20 

8,20 

8,20 

9,20 

9,20 

10,20 

10,20 

11,20 

•  b2 

7,20 

8,20 

2,20 

9,20 

9,20 

10,20 

10,20 

11,20 

•  b3 

7,21 

8,21 

8,21 

9,21 

9,21 

10,21 

10,21 

11,21 

.bb 

7,21 

8,21 

8,21 

9,21 

9,21 

10,21 

10,21 

11,21 

•  b$ 

7,22 

8,22 

8,22 

9,22 

9,22 

10,22 

10,22 

11 ,22 

•  b6 

7,22 

8,22 

6,22 

9,22 

9,22 

10,22 

10,22 

11,22 

•  b7 

7,23 

8,23 

8.23 

9,23 

9,23 

10,23 

10,23 

11,23 

.b8 

7,23 

8,23 

8,23 

9,23 

9,23 

10,23 

10,23 

11,23 

•  b9 

7,2b 

8,2b 

8,2b 

9,2b 

9,2b 

10 ,2b 

10,2b 

11,2b 

•  50 

7,2b 

8,2b 

8,2b 

9,2b 

9,2b 

10,2b 

10  ,2b 

11,2b 

50 


THREE  GRADES  H-50 


P2 


.24 


JL 


.26 


PI 

ill _ 


.28 


.02 

.03 

.Oil 

.05 

.06 

.0? 

.08 

.09 

.10 

.11 

.12 

.13 

.14 

.15 

.16 

.17 

.18 

.19 

.20 

.21 

.22 

.23 

.24 


•  25  I 

11,12 

.26 

11,12 

11.12 

.27 

11,12 

12,13 

12,13 

.28 

12,13 

12,13 

12,13 

12,13 

.29 

12,13 

12,13 

12,13 

13,14 

13,14 

.30 

12,13 

12,13 

13,14 

13,14 

13,14 

13,14 

.31 

12,14 

13,14 

13,14 

13,14 

13,14 

14,15 

14,15 

.32 

12,15 

12,14 

13,14 

13,14 

14,15 

14,15 

14,15 

.33 

12,15 

12,15 

13,15 

14,15 

14,15 

14,15 

15,16 

.34 

11,16 

12,16 

13,16 

14,15 

14,15 

14,15 

15,16 

.35 

11,17 

12,17 

13,16 

13,16 

14,16- 

15,16 

15,16 

.36 

11,17 

12,17 

12,17 

13,17 

14,17 

15,16 

15,16 

•  37 

11,18 

12,18 

12,18 

13,18 

14,17 

14,17 

15,17 

.38 

11,18 

12,18 

12,18 

13,18 

14,18 

14, 18 

15,18 

•  39 

11,19 

12,19 

12,19 

13,19 

13,19 

14,19 

15,18 

.1*0 

11,19 

12,19 

12,19 

13,19 

13,19 

14,19 

15,19 

.1*1 

11,20 

12,20 

12,20 

13,20 

13,20 

14,20 

14,20 

.1*2 

11,20 

12,20 

12,20 

13,20 

13,20 

14,20 

14 ,20 

.1*3 

11,21 

12,21 

12,21 

13,21 

13,21 

14,21 

14,21 

.1*1* 

11,21 

12,21 

12,21 

13,21 

13,21 

14,21 

14,21 

•  1»5 

11,22 

12,22 

12,22 

13,22 

13,22 

14,22 

14,22 

.1* 

11,22 

12,22 

12,22 

13,22 

13,22 

14,22 

14,22 

.1*7 

11,23 

12,23 

12,23 

13,23 

13,23 

14,23 

14,23 

.1*8 

11,23 

12,23 

12,23 

13,23 

13,23 

14,23 

14,23 

.1*9 

11,24 

12,24 

12,24 

13,24 

13,24 

14,24 

'14,24 

.50 

11,24 

12,24 

12,24 

13,24 

13,24 

14,24 

14,24 
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ACCEPT. 


POUR  GRADES  N-50 

.  ACCEPT. 


01  .05 

.10 

0,2,4 

.15 

0,1,7 

.20 

0,1,9 

.25 

0,1,12 

.30 

0,1,14 

n  i  it 

* 

.bo 

0,1,19 

.45 

0,1,22 

.50 

0,1,24 

.10 

.15 

0,5,6 

.20 

0,4,9 

.25 

0,4,12 

.30 

0,4,14 

.35 

0,4,17 

.1*0 

0,4,19 

.1*5 

0,4,22 

.50 

0,4,24 

.15 

.20 

0,7,8 

.25 

0,7,12 

.30 

0,7,14 

.35 

0,7,17 

.1*0 

0,7,19 

.1*5 

0,7,22 

.50 

0,7,24 

.20 

.25 

0,10,11 

.30 

0,9,14 

.35 

0,9,17 

.1*0 

0,9,19 

.1*5 

0,9,22 

.50 

0,9,24 

.25 

.30 

0,12,13 

.35 

0,12,17 

.1*0 

0,12,19 

.1*5 

0,12,22 

.50 

0,12,24 

.30 

.35 

0,15,16 

.1*0 

0,15,19 

.1*5 

0,14,22 

.50 

0,14,24 

7,8,22 


.30 

7,12,13 

.35 

7,12,17 

*40 

7,12,19 

•  45 

7,12,22 

.50 

7,12,24 

.35 

7,15,16 

.40 

7,15,19 

•  45 

7,14,22 

•  50 

7,14,24 

•  30 

10,12,13 

•  35 

10,11,17 

.40 

10 ,11,19 

.45 

10,11,22 

.50 

10,11,24 

.35 

9,15,16 

.40 

9,14,19 

.45 

9,14,22 

.50 

9,14,24 

POUR  GRADES  N -60 


ACCEPT. 

PI  P2  P3  NOS. 

ACCEPT. 

PI  P2  P3  NOS. 

ACCEPT. 

PI  P2  ?3  NOS. 

.01  .05  .10  0,2,5 

T05  TIo  m  2,5,8 

.10  .20  .25  5,12,13 

.15  0,2,8 

.20  2,5,11 

.30  5,11,17 

.20  0,2,11 

.25  2,5,11* 

.35  5,11,20 

.25  0,2 ,lt 

.30  2,5,17 

.UO  5,11,23 

.30  0,2,17 

.35  2,5,20 

.1*5  5,11,26 

.35  0,2,20 

.1*0  2,5,23 

.50  5,11,29 

.to  0,2,23 

.1*5  2,5,26 

.1*5  0,2,26 

..50  2,5,29 

.25  .30  5,15,16 

.50  0,2,29 

.35  5, It ,20 

.15'  .20  2,9,10 

.to  5, It  ,23 

.10  .15  0,5,8 

.25  2,8,11* 

.t5  5, It  ,26 

.20  0,5,11 

.30  2,8,17 

.50  5, It ,29 

.25  0,5,11* 

.  .35  2,8,20 

.30  0,5,17 

.1*0  2,8,23 

.30  .35  5,18,19 

.35  0,5,20 

.1*5  2,8,26 

.to  5,18,23 

.1*0  0,5,23 

.50  2,8,29 

.t5  5,1?, 26 

.1*5  0,5,26 

.50  5,17,29 

•50  0,5,29 

.20  .25  2,12,13 

.30  2,11,17 

.15  .20  .25  9,11,13 

.15  .20  0,9,10 

.35  2,11,20 

.30  9,10,17 

.25  0,9,11* 

.1*0  2,11,23 

.35  9,10,20 

.30  0,8,17 

.1*5  2,11,26  ] 

.to  9,10,23 

.35  0,8,20 

.50  2,11,29 

.t5  9,10,26 

.1*0  0,8,23 

.50  9,10,29 

.1*5  0,8,26 

.25  .30  2,15,16 

.50  0,8,29 

.35  2,11*  ,20 

.25  .30  8,15,16 

.1*0  2,U*,23  1 

.35  8, It ,20 

.20  .25  0,12,13 

.1*5  2 ,11*, 2  6 

.to  8, it, 23 

.30  0,11,17 

.50  2,ll*,29 

.t5  8, It ,26 

.35  0,11,20 

.50  8, It ,29 

.1*0  0,11,23 

.30  .35  2,18,19 

.1*5  0,11,26 

.1*0  2,18,23 

.30  .35  8,18,19 

.50  0,11,29 

.1*5  2,17,26 

.to  8,17,23 

.50  2,17,29 

.t5  8,17,26 

.25  .30  0,15,16 

i 

.50  8,17,29 

.35  0,lU ,20 

.1*0  0,ll*,23 

.20  .25  -30  12,lt,i6 

.1*5  0,H*,26 

.10  .15  .20  5,8,10 

.35  12,13,20 

.50  0,1U ,29 

.25  5,3, It 

•to  12,13,23 

.30  5,8,17 

.t5  12,13,26 

.30  .35  0,18,19 

.35  5,8,20 

.50  12,13,29 

.1*0  0,18,23 

•to  5,8,23 

.1*5  0,17,26 

.1*5  5,8,26 

•30  .35  11,18,19 

.50  0,17,29 

•50  5,8,29 

.to  11,17,23 

.t5  11,17,26 

.50  11,17,29 

FOUR  GRADES  N-70 


ACCEPT. 

PI  P2  P3  SOS. 
.oi  .05  TIo  0,3,6 
.15  0,2,10 

.20  0,2,13 

.25  0,2,17 

.30  0,2,20 
.35  0,2,24 

- " - .40 — 0,2,27 

.45  0,2,31 

.50  0,2,34 

.10  .15  0,6,9 

.20  0,6,17 

_ ■_ _ _ 30 _ 0,6,20 

.35  0,6,24 

.1*0  0,6,27 

.1*5  0,6,31 

.50  0,6,34 

.15  .20  0,10,12 
.25  0,10,17 
.30  0,10,20 
.35  0.10.2U 
.1*0  0,10,27 
.45  0,10,31 
.50  0,10,34 

.20  .25  0,14,16 

•30  0,13,20 
.35  0,13,24 
.40  0,13,27 
.45  0,13,31 
.50  0,13,34 

.25  .30  0,18,19 

.35  0,17,24 
.40  0,17,27 
.45  0,17,31 
_ .50  0,17,34 

.30  .35  0,22,23 

.40  0,20,27 
.45  0,20,31 
.50  0,20,34 


ACCEPT. 

PI  P2  P3  NOS. 


.05  .10 

.15 

3,6,9 

.20 

3,6,13 

.25 

3,6,17 

.30 

3,6,20 

.35 

3,6,24 

.40 

3,6,27 

- - 

.45 

3,6,31 

•  50 

3,6,34 

.15 

.20 

2,10,12 

.25 

2,10,17 

.35 

2,10,24 

_ _ _  _ 

.40 

2,10,27 

.45 

2,10,31 

•  50 

2,10,34 

.20 

.25 

2,14 ,16 

.30 

2,13,20 

.35 

2,13,24 

.40 

2,13,27 

.45 

2,13,31 

.50 

2,13,34 

.25 

.30 

2,18,19 

.35 

2,17,24 

.40 

2,17,27 

.45 

2,17,31 

•  50 

2,17,34 

.30 

.35 

2,22,23 

.40 

2,20,27 

.45 

2,20,31 

•  50 

2,20,34 

10  .15  .20 

6,10,12 

_  _ 25 

6,9,17 

.30 

6,9,20 

.35 

6,9,24 

.40 

6,9,27 

.45 

6,9,31 

•  50 

6,9,34 

ACCEPT. 

PI  P2  P3  NOS. 


.10  .20 

.25 

6 ,lV,l6 

.30 

6,13,20 

.35 

6,13,24 

.40 

6,13,27 

.45 

6,13,31 

•  50 

6,13,34 

.25 

.30 

6,18,19 

•  35 

6,17,24 

.40 

6,17,27 

.45 

6,17,31 

.  .30 

.35 

6,22,23- 

.40 

6,20,27 

.45 

4.20,31 

% 

.50 

6po,34 

.15  .20 

.25 

10,13,16 

.30 

10,12,20 

.35 

10,12,24 

.40 

10,12,27 

.45 

10,12,31 

.50 

10,12,34 

.25 

.30 

10,18,19 

.35 

10,17,24 

.40 

10,17,27 

.45 

10,17,31 
10 ,17 ,34 

.50 

.30 

.35 

10,22,23 

.40 

10,20,27 

.45 

10,20,31 

•  50 

1C|,20,34 

.20  .25 

.30 

14,17,19 

.35 

14,16,24 

. .  . . 

.40 

14,16,27 

.45 

14,16,31 

.50 

14,16,34 

.30 

.35 

13,21,22 

.40 

13,20,27 

.45 

13,20,31 

.50 

13,20,34 
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FOUR  GRADES  N-80 


ACCEPT. 

FI  P2  P3  W OS. 

01  .05  .10  0,3,7 

•15  0,3,11 

•20  0,3,15 

•25  0,3,19 

•30  0,3,23 

.35  0,3,27 

•  40  0,3,31 

•*»5  0,3,35 

• *50  0,3,39 

•10  .15  0,7,11 

.20  0,7,15 

.25  0,7,19 

•30  0,7,23 

.35  0,7,27 

.*♦0  0,7,31 

•*5  0,7,35 

.50  0,7,39 

.15  .20  0,12,14 

.25  0,11,19 
.30  0,11,23 
.35  0,11,27 
•40  0,11,31 
•45  0,11,35 
•50  0,11,39 

•20  .25  0,16,18 

.30  0,15,23 
.35  0,15,27 
•*0  0,15,31 
•*5  0,15,35 
•50  0,15,39 

•25  .30  0,20,22 

•35  0,19,27 
•40  0,19,31 
♦45  0,19,35 
.50  0,1939 

•30  .35  0,24,26 
•40  0,23,31 
•**5  0,23,35 
•50  0,23,39 


ACCEPT. 

PI  P2  P3  HOS. 


.05  .10 

.15 

3,7,11 

.20 

3,7,15 

•  25 

3,7,19 

.30 

3,7,23 

.35 

3,7,27 

.40 

3,7,31 

.45 

3,7,35 

•  50 

3,7,39 

.15 

.20 

3,12,14 

.25 

3,11,19 

.30 

3,11,23 

.35 

3,11,27 

.40 

3,11,31 

.45 

3,11,35 

.50 

3,11,39 

.20 

.25 

3,16,18 

.30 

3,15,23 

.35 

3,15,27 

.40 

3,15,31 

•  45 

3,15,35 

.50 

3,15,39 

.25 

.30 

3,20,22 

.35 

3,19,27 

.40 

3,19,31 

.45 

3,19,35 

•  50 

3,19,39 

.30 

.35 

3,24,26 

.40 

3,23,31 

•  45 

3,23,35 

•  50 

3,23,39 

10  .15 

.20 

7,12,14 

.25 

7,11,19 

.30 

7,11,23 

•  35 

7,11,27 

.40 

7,11,31 

.45 

7,11,35 

.50 

7,11,39 

ACCEPT. 

PI  P2  P?  SOS. 


.20 

.25 

7,16,18 

.30 

7,15,23 

.35 

7,15,27 

.40 

7,15,31 

.45 

7,15,35 

.50 

7,15,39 

.25 

.30 

7,20,22 

.35 

7,19,27 

.40 

7,19,31 

•  45 

7,19,35 

.50 

7,19,39 

.30 

.35 

7,24,26 

.4o 

7,23,31 

.45 

7,23,35 

.50 

7,23,39 

.20 

.25 

12,15,18 

.30 

12,14,23 

•  35 

12,14,27 

.40 

12,14,31 

.45 

12,14,35 

.50 

12,14,39 

.25 

.30 

11 ,20 ,22 

.35 

11,19,27 

.40 

11,19,31 

.45 

11,19,35 

.50 

11,19,39 

.30 

.35 

11,24,26 

.40 

11,23,31 

.45 

11,23,35 

.50 

11,23,39 

•20  .25  .30  16,19,22 
•35  16,18,27 
•40  16,18,31 
•45  16,18,35 
.50  16,18,39 

•30  .35  15,24,26 
•40  15,23,31 
.45  15,23,35 
■50  15,23,39 


FOUR  GRADES  N»90 


PI _ P2 


01  .05 


.25 


.30 


ACCEPT. 

P3  NOS.  PI 
.10  0,4,8  .05 

.15  0,3,13 

.20  0,3,17 

.25  0,3,22 

.30  0,3,26 
.35  0,3,31 

•40  0,3,35 

.45  0,3,40 

.50  0,3,44 

.15  0,8,12 

.20  0,8,17 

.25  0,8,22 

.30  0,8,26 
.35  0,8,31 

.40  0,8,35 

.45  0,8,40 

.50  0,8,44 

.20  0,13,16 
.25  0,13,22 
.30  0,13,26 
•35  0,13,31 
.40  0,13,35 
•45  0,13,40 
.50  0,13,44 


P2 

.10 


.15 


.20 


.25 


.25  0,18,21 
.30  0,17,26 
.35  0,17,31 
.40  0,17,35  .30 

.45  0,17,40 
.50  0,17,44 

.30  0,23,25 
•35  0,22,31 

.40  0,22,35  - 

.45  0,22,40  .10  .15 

.50  0,22,44 


35  0,27,29 
40  0,26,35 
45  0,26,40 
50  0,26,44 


P3 

ACCEPT. 

NOS. 

PI 

P2 

?3 

ACCEPT. 

KOS. 

.15 

4,8,12 

.10 

.20 

.25 

“8,18,21 

.20 

4,8,1? 

.30 

8,17,26 

.25 

4,8,22 

.35 

8,17,31 

.30 

4,8,26 

.40 

8,17,35 

.35 

4,8,31 

.45 

8,17,40 

.40 

4,8,35 

.50 

8,17,44 

.45 

4,8,40 

.50 

4,8,44 

.25 

.30 

8,23,25 

.35 

8,22,31 

.20 

3,13,16 

.40 

8,22,35 

.25 

3,13,22 

.45 

8,22,40 

.30 

3,13,26 

•  50 

8,22,44 

.35 

3,13,31 

.40 

3,13,35 

.30 

.35 

8,27,29 

•  45 

3,13,40 

.40 

8,26,35 

.50 

3,13,44 

.45 

8,26,40 

•  50 

8,26,44 

.25 

3,18,21- 

.30 

3,17,26 

.15 

.20 

.25 

13,17,21 

.35 

3,17,31 

.30 

13,17,26 

.40 

3,17,35 

•  35 

13,16,31 

.45 

3,17,40 

.40 

13,16,35 

.50 

3,17,44 

.45 

13,16,40 

.50 

13,16,44 

.30 

3,23,25 

.35 

3,22,31 

.25 

.30 

13,23,25 

.40 

3,22,35 

.35 

13,22,31 

.45 

3,22,40 

.40 

13,22,35 

.50 

3,22,44 

.45 

13,22,40 

.50 

13,22,44 

.35 

3,27,29 

.40 

3,26,35 

.30 

.35 

13,27,29 

.45 

3,26,40 

.40 

13,26,35 

.50 

3,26,44 

.45 

13,26,40 

.50 

13,26,44 

".20 

.25 

.30 

18,23,25 

.20 

8,13,16 

.35 

18,22,31 

.25 

8,12,22 

.40 

18,22,35 

.30 

8,12,26 

.45 

18,22,40 

.35 

8,12,31 

.50 

18,22,44 

.40 

8,12,35 

.45 

8,12,40 

.30 

.35 

17,27,29 

.50 

8\12,44 

.40 

17,26,35 

.45 

17,26,40 

.50 

17,26,44 
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.15  0,5,18 

.20  0,5,24 

•25'  0,5,30 

•30  0,5,36 

.35  0,5,43 

•40  0,5,49 

M  0,5,55 
“  .50  0,5,61 

.10  .15  0,11,18 
.20  0,11,24 
.25  0,11,30 
.30  0,11,36 
.35  0,11,43 
.40  0,11,49 
.45  0,11,55 
.50  0,11,61 

.15  .20  0,18,23 
.25  0,18,30 
.30  0,18,36 
.35  0,18,43 
.40  0,18,49 
.45  0,18,55 
.50  0,13,61 

.20  .25  0,25,29 

.30  0,24,36 
.35  0,24,43 
.40  0,24,49 
.45  0,24,55 
.50  0,24,61 

.25  .30  0,31,36 

.35  0,31,43 
.40  0,31,49 
.45  0,31,55 
.30  0,31,61 

•30  .35  0,37,42 
•40  0,37,49 
.45  0,37,55 
•50  0,37,61 


•  15 

5,12,17 

.20 

5,11,24 

.25 

5,11,30 

.30 

5,11,36 

.35 

5,11,43 

.40 

5,11,49 

.45 

5,11.55 

•  50 

5,11,61 

.20 

5,18,23 

•  25 

5,18,30 

.30 

5,18,36 

•  35 

5,18,43 

.40 

5,18,49 

.45 

,  5,18,55 

•  50 

5,18,61 

.25 

5,25,29 

.30 

5,24,36 

•  35 

5,24,43 

.40 

5,24,49 

.45 

5,24,55 

.50 

5,24,61 

.30 

5,31,36 

.35 

5,31,43 

.40 

5,31,49 

.45 

5,31,55 

.50 

5,31,61 

.35 

5,37,42 

.40 

5,37,49 

.45 

5,37,55 

.50 

5,37,61 

.20 

12,18,23 

.25 

11,18,30 

.30 

11,18,36 

.35 

11,18,43 

.40 

11,18,49 

.45 

11,18,55 

.50 

11,18,61 

.20  .25  11,25,29 

.30  11,24,36 
.35  11,24,43 
.40  11,24,49 
.45  11,24,55 
.50  11,24,61 

.25  .30  11,31,36 

.35  11,31,43 
.40  11,31,49 
.45  11,31,55 
.50  11,31,61 

•30  .35  11,37,42 
.40  11,37,49 
.45  11,37,55 
•50  11,37,61 

.20  .25  18,24,29 
-30  18,24,36 
.  .35  18,24,43 
.40  18,24,49 
.45  18,24,55 
,50  18,24,61 

.25  .30  18,31,36 

.35  18,31,43 
.40  18,31,49 
.45  18,31,55 
.50  18,31,61 

.30  .35  18,37,42 

.40  18,37,49 
.45  18,37,55 
.50  18,37,61 

.25  .30  24,30,36 

.35  24,30 ,43 
.40  24,30,49 
.45  24,30,55 
.50  24,30,61 

•30  .35  24,37,42 

.40  24,37,49 
.45  24,37,55 
.50  24,37,61 


FOUR  GRADES  H»150 


ACCEPT. 


ACCEPT. 


ACCEPT. 


EL. 

P3 

HOS.  -PI  P2 

NOS. 

PI 

P2 

P3 

ROS. 

f>5 

.10 

~  0,6,li*  .05  .10 

.15 

6,14,21 

.10 

.20 

.25 

14,29,36" 

.15 

0,6,21 

.20 

6.14,29 

.30 

14,29,44 

.20 

0,6,29 

.25 

6,14,36 

• 

.35 

14,29,51 

.25 

0,6,36 

.30 

6,14,44 

.40 

14,29,59 

.30 

0,6, 1*1* 

.35 

6,14,51 

.45 

14 ,29 ,66 

.35 

0,6,51 

.40 

6,14,59 

•  50 

.4,29,74 

.1*0 

0,6,59 

.45 

6,14,66 

.1*5 

0,6,66 

•  50 

6,14,74 

•  -25 

.30 

14,37,43 

.50 

0,6,71* 

.35 

14,37,51 

.15 

.20 

6,22,29 

.40 

14,37,59 

LO 

.15 

0,11*  ,21 

.25 

6,22,36 

.45 

14,37,66 

.20 

0,11*. 29 

.30 

6,22,44 

.50 

14,37,74 

.25 

0,11*, 36 

.35 

6,22,51 

.30 

0,1U  ,1*1* 

.40 

6,22,59 

.30 

.35 

14,44,51 

.35 

0,U»  ,51 

.45 

6,22,66 

.40 

14,44,59 

.1*0 

0,ll»,5S 

.50 

6,22,74 

.45 

14,44,66 

•  »*5 

0,14 ,66 

•  50 

14,44,74 

j 

•  50 

0,14,74  .20 

.25 

6,29,36 

.30 

6,29,44 

.15 

.20 

.25 

21,29,36 

15 

.20 

0,22,29 

.35 

6,29,51 

.30 

21,29,44 

( 

.25 

0,22,36 

.40 

6,29,59 

.35 

21,29,51 

\ 

.30 

0,22,44 

.45 

6,29,66 

.40 

21,29,59 

.35 

0,22,51 

.50 

6,29,74 

.45 

21,29,66 

.1*0 

0,22,59 

.50 

21,29,74 

1 

.1*5 

0,22,66  .25 

.30 

6,37,43 

.50 

0,22,74 

.35 

6,37,51 

.25 

.30 

21,37,43 

.40 

6,37,59 

.35 

21,37,51 

20 

.25 

0,29,36 

•  45 

6,37,66 

.40. 

21,37,59 

| 

.30 

0,29,44 

.50 

6,37,74 

.45 

21,37,66 

|  • 

.35 

0,29,51 

.50 

21,37,74 

] 

j 

.1*0 

0,29,59  .30 

.35 

6,44,51 

I 

.1*5 

0,29,66 

.40 

6,44,59 

.30 

.35 

21,44,51 

'  j 

.50 

0,29,74 

,45 

6,44,66 

.40 

21,44,59 

1 

! 

• 

.50 

6,44,74 

.45 

21,44,66 

2i 

.30 

0,37,4: 

.50 

21,44,74 

i 

.35 

0,37,51 

j 

.1*0 

0,37,59 

.20 

.25 

.30 

29,37,43 

i 

.1*5 

0,37,66  .10  .15 

.20 

14,22,29 

.35 

29,37,51 

i 

.50 

0,37,74 

.25 

14,22,36 

.40 

29,37,59 

j 

.30 

14,22,44 

.45 

29,37,66 

30 

.35 

0,44,51 

.35 

14,22,51 

.50 

29,37,74 

j 

.1*0 

0,44,59 

.1*0 

14,22,59 

f 

i 

.1*5 

0,44,66 

.45 

14,22,66 

.30 

.35 

29,44,51 

i 

.50 

0,44,74 

•  50 

14,22,74 

.40 

29,44,59 

.1*5  29,1*1*  ,66 
.50  29,1*1*  ,71* 


59 


.15 

1,19,29 

.20 

1,19,39 

.25 

1,19,49 

.30 

1,19,59 

.35 

1,19,691 

.40 

1,19,79 

.45 

1,19,89 

.50 

1,19,99 

.20 

1,29,39 

.25 

1,29,49 

.30 

1,29,59 

.35 

1,29,69 

.40 

1,29,79 

.45 

1,29,89 

.50 

1,29,99 

.25 

1,39,49 

.30 

1,39,59 

.35 

1,39,69 

.40 

1,39,79 

45 

1,39,89 

50 

1,39,99 

30 

1,49,59 

35 

1,49,69 

40 

1,49,79 

45 

1,49,89 

50 

1,49,99 

35 

1,59,69 

40 

1,59,79 

45 

1,59,89 

50 

1,59,99 

FOUR  GRADES  N=300 


PI 

?2 

P3 

ACCEPT. 

NCS. 

PI  ! 

.01 

.05 

.10 

2,14,29 

.05 

.15 

2,1-, 44 

.20 

2,14,59 

-25 

2,14,74 

.30 

2,14,89 

.35 

2,14,104 

1 

— 

-  . 

.40 

2,14,115 

} 

.45 

2,14,134 

i 

.50 

2,14,1*  5 

.10 

.15 

2,29,44 

•j 

.20 

2,29,55 

.25 

2,29,74 

.30 

2,29,89 

.35  2,29,10*1 

.40  2,29,115 

.45  2,29,134 

.50  2,29,l4g 

.15  .20  2,44,59. 

.25  2,44,74 

.30  2,44,89 

.35  2,44,104 

.40  2, 44, lig 

.45  2,44,134 

.50  2,44,149 

.20  .75  2,59,74 

.30  2,59,89 

.35  2,59,1C4 

.40  2,59,115 

.45  2,59,134 

.50  2,59,149 

.25  .30  2,74,89 

.35  2,74,104.10 

.40  2,74,115 

____.45  2,74,134 

•  .50  2,74,149 

.30  .35  2,89,104 

.40  2,89,119 

•  45  2 , 89 , 134 

.50  2,89,145 


ACCEPT. 

P3  NuS PI 
. 15  14,25,44  10 

.20  14,29,59 

.25  14,29,74 

.30  14,29,89 

.35  i*.,29,104 

.40  14,25,119 

.45  14,29,13'-  ^  - 

.50  14,29,145 

.20  14,44,59 

•25  34,44,74 

.30  j.4,44,89 

.35  14,44,104 

.40  14,44,115 

•  :»5  14,44,134 

.50  14,44,149 


.25  14,59 

.30  14,59 

.35  14,59 

.40  14,59 

.45  14,59 

.50  14,59 


,74 

,89  .15 

,109 

,119 

,134 

,149 


19,74,85 

14,74,10-. 

14,74,115 

14,74,134 

14,74,14? 


1*-,  69, 104- 
14,39,119 
1  -*|,  89 ,13-J 
1)4,99,149! 


29,44,59  | 
29,44,74  j. 
2 j), 44, 89  I 
26,44,10*4 
29,44,115' 
29,44, 13 J 
29 , 44 ,149) 


ACCEPT. 

?2  P3  K'OS . 

"720  725  29,59,74“ 

.20  29,59,89 

.35  29,59,104 

.40  29,59,115 

.45  29,59,134 

.50  29,59,1.49 

.25  .30  29,74,69 

.35  25,74,104 

.40  29,74,119 

.45  29,74,134 

.50  29,74,149 

.30  .35  29,89,104 

.40  23,69,119 

.45  29,89,134 

.50  25,85,149 

.20  .25  44,59,74 

.20  44,55,85 

.  ■* 4  4**, 59,10-* 

.40  44,55,119 

.45  44,56,134 

.50  44,59,149 

.25  .30  44,74,59 

.  3s  4-*,  7-.,  104 
-40  44, -’4, HO 

.45  44,74,134 

.50  4  ..,74, 1-9 

.30  .35  4-.,  69,104 

.40  44,89,119 

.4":  4-  ,89,13-* 

.50  -4,85,149 

.25  .30  59,74,89 

.35  56,74,104 

.40  00,74,119 

.45  59 ,7*. ,  1 34 

.50  59,74,149 

.30  .35  55,65,104 

.40  06,89,115 

.45  59,89,134 

.50  59,69,149 


I 


Unclassl f led 

(•earity  CUtdflcattoa 


